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PLASMA TORCH 



The present Invention relates to a pbsira torch for 
generating a Hgh temperature ftosaa by means of 
an etectrfc arc tmtween a rbig-ehaped outer eleo- s 
trode and an Inner electrode Brranged coax^ In 
the outer etectroda. I^ore spscificaDy the present 
invention relates to a plasrra torch of this kind which 
is intended to be submerged in molten metal &uch as 
a baih of molten stesL to 

Ptastra torches wtiich are Intended to be sut>- 
merged in molten metal In which the electrodes are 
made from a comsumable matelal such as for 
example graphito are latoHm. These torches, how- 
ever, fave a nun^ of drawlsacks and dlsadvant- 15 
agea. Graphite electrodes quite frequently breatc. 
resulting in disniption of the heathg of the metal 
melt Also, graphite electrodes cannot be used i»tth 
metal malb bi «Mch graphite dissolves, such os 
Btesi meRs of fsrromaganese. etc. Further- a> 
more, the pbsna torch has to be eqii|^ with 
means for feeding of the graphlle sisctrodes os 
these are consumed; this maJtes the design of the 
fHasmz tOPCfi complex. FInaDy the consumption of 
the graphite electrode Is the main (actor wMd) leads S 
to high operating costs for this Idnd of plasma torch. 

n is en object of the present brventkin to provide a 
plasma torch for healing d molten metal bath by 
submerging the torch in the bath, where at least the 
outer eiectrods is made (Tan a nen-oonsumable so 
naterbi 

AcconSng to ths present Imentloa e pbsma 
torch Is characterised In that the outer eiecUode Is 
non-consumable and comprises a .copper pips 
laving an Mennlchenn^ (or a cooftng medium, and ss 
having a bfx of refractory materb) at least on Its 
outdda. 

Accordng to a preferred embodiment, tha layer of 
refradwy natar^ consists of AhOi or ZrOs 
stabBised with 5-»<U). preferably ZimiMgO and/or 40 
Y2O3. or of oxides of other rare earth elements. Ttis 
layer of refractory material may have a ihldaiess of 
1-&nm. praterably 2-4mm and is preferably applied 
by flame* or plasna spr^^ 

The inner electrode may consist of 0 cooled or <a 
non-cooled copper pipe or may be o> Q consumable 
maleiH such 88 graftfdte. Ths cunent supply to the 
electrodes b preferably orranged bi audi 0 way tfBt 
ths arc wa relale about ths lip (rf lha outor 
dacuods. eo 

An altetislhtB embodiment of tits prssenl Inven- 
tion Includes a pipe made from a ceramic material 
such as aluminium oxide, on the outsids and ot a 
distance Crom the outer rli^-ehaped electrode. The 
pipe Is open at ns lower end, whereby mdltenmatid 65 
can flow into the onnulus between the outer 
etectroda end the ceramic pipa. 

An oa or molten matal havbig a low melting 
temperature, may be used as the cooGng medium for 
cooling the outer eiectrods. a 

The plasn» torch according to ths present 
bnentton can fUrthar be eqdpped with means which 
makes it possibis to supi^ allo^g adiStions to tha 



metal melts through tha annulus between ths innor 
and tha outer elactroda. 

The thermal Mulallng layer of refractory neteitel 
on the outside of the outer deetrode has a numbsr 
of functions. Fbst^. ths copper pipa is protectsd 
against thermal and chemlcai stress when tha torch 
b submerged b) the moKen bath. Ths Dletims erf thQ 
outer electrode can thereby be substanlta!^ In- 
creased. Secondly tho ^ysr on ths outer elsstreda 
acts as Q themal banter between the molten msttd 
and tfie copper p^, whereby heat which is rentovod 
from tha melt tin Intenol cooling of tiia coppsr 
pipe Is substantiaOy reduosd. Thus, ths thamtd 
efficiency of the torch Is Increased. In the casa of tSto 
plasma tor^ with on outer electrode oomfaj^ng a 
cooled copper pipe without on outer teyar, ths hsat 
loss from tha metal bath through ths coppor p^ 
and through the cooltng medium would be aubston- 
tlai and vnM rsduoa tha thermal atiicisR^ 0} ttn 
plasma torch. 

In operBfion a gas to prefaiobly isuppSad to tho 
annulus batweM tha ouiar and Ita bmsr declndss 
and 0ie elactrio are b stntck between the eteetreda 
tips. The inaida of ths outer eteclrode ond tha bnar 
eieclroda mair be cooisd by the ^ tvMch b 
supplied to ths annuiua end It vwuld thareforo not 
normaDy be nscessoy to have a layer of retrcclory 
traterfeJ on thasa f^^ta 

By orrangljQ Q ceramic tubo on tha outsida of, end 
at a dlstanoa from, ths outer rbig-ehaped eteotrodo, 
increased protection of ths plasma torch ntoy ba 
obtainsd. Whsn a pbsma torch oqutppod with 6ush D 
ceremie tuba b Bubmerged bUo a metal batti, mslton 
metal wBi flow bito tha annulus between tho outor 
electrode ortd tha ceramic tube. The molton matal En 
this annuhis wi b9 moro or tass at rest and »a tend 
to protect th9 outer oloetroda. 

Tha bwaniion msy bs cented bite ptestios In 
various ways end two embodiments wQ no%7 bo 
deacribed by wajr of axamfda with referanoa to ths 
accompanybig drawlng8.lnwh!sh: 

Rguro 1 b a vertical secfion throt^a p&isna 
torch according to tha present tnventtoi, end 

Figure 2 io 0 obn&r vtsw showing Q GoeoRd 
embodlmsnt tn vA6A tha outer elsctreds is 
surrounded by o oerentis tuba. 

The pbana torch diown bi F^uTQ 1 compitees t» 
outer elsetrods 1 end cat Inn^ etectroda la Ths 
outer ebdrotfc) 1 consteto of a rtng-shapsd oopp^ 
p^ hfivbig on Inner waU 2 and on outer vraH 3. Ths 
copper pips b equipped with cn internal waB 4 wt^ 
estenda downwards from Ots top of tho pipo and 
stops obova ths bottom of tho eopper p^. Ths 
coppar pips b furthar equippad ntti en bitst 
openb« 5 and an outM opantag 6 Ibr a Bquld oooEiq 

Tha coppar (dps Im on Rs outer «Min 3 Q biysr7 e( 
reftactory maloileL Ths feyer of refractory matafel 
preferably has a thlcimess of 1-Smm and b nesSo 
from AlsQs or from ZrOs stablDsed with &-3Sfll» [S/!eO 
and/or YaOs end b mads by flams- or pteana 
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spraying. On the lower end of the copper pipe ttwfa 
are preferably Inserts made from WolfrBin (tung- 
sten), graphite or some other hIglt-temperBture 
resistant materW having a low electrical resislMty. 
Due to the electric arc produced, the Inserts on the 
lower end of the copper pipe wOl be worn and wO 
have to be replaced from time to ttma. 

The plasma torch has a convenlloful means for 
the sivply c( electric current to the torch (not 
shown) and b equipped with means for the supply of 



Figure 2 shows a second embodiment of a plasma 
torch according to 0w present invenUon. In tMs 
case, the iriasma torch Is similar to the embodbnant 
of FlgioB 1 except hat it Is equipped ¥rith a ceramic, 
tube 6 located around and spaced from the outer 
ring-shaped electrode. The tube 8 Is open tt Its 
lower end and is fixed to the outside of this outer 
electrode. ITw length of the c&airic tube 8 b such 
that the tube extends upwards to a level which is at 
least above the top of the metal batb when the 
plasma torch Is submerged In the batlL- 

Wlien the plasma torch Is submerged in a metal 
bath, molten metal wD fli the ennuhn between the 
outer electroda 1 and fiM cerandc tube B. As long as 
the torch Is submerged, the metal in the annuha 
behraen the outer electrode 1 end the ceramic tube 
wOl mora or less tw at rssL Ttds part of ttie molten 
metal wO thus protect the outside of the outer 
electrode against continuous flow of holt rooMen: 
metal near the outdde of the outer eleotroda. The 



6. A plasma torch as claimed In any preoetBiv 
clabn. characterised by a sleeve or tube (q 
made from a cerandc material arranged outslda 
and spacedtrom the outer electrode (t). 

7. K plasma torch as claimed hi Cbbn fi, 
characterised In that the cst^ tube (81 It 



8. A plasma torch as claimed In any preoedtas 
charectedsed In that the Inner (tectioiM 
(la) to made from grapMto or torn oopper 
having Memal diamiab for the ebeuhilpn qf • 



1. A plasma torah Ibr generaUng • Mgh 



trade (1) anA an jkmer tieetrode (la) cogdaBy 
loca te d wlIMn Iho outsr dtectrodB (1), dureo* 
teibad In Ihst Ois outer electrode (1) b 
nor»«onsum8bto and comprises a copper pipe 
\aAnit MsmH channel for a cooling medum. 
arid having a byer (7) of refractoiy material at 



2. A plasma torch as claimed in Ctoim 1 
characterised In that the layer (7) of refractory 
material has a thickness between 1 and 6mm, 
preferably between 2 end 4mm. 

3. A ptesma torch as cblmed bi Oalm 1 or 
Oabn 2 cbaractwtoed In that the layer of 
-refractory material' consists of Z1O2 stablsed 
with5-2SiM) preferably 20% MgO and/or YiOs. 
or of oxides of other rare earth elements. 

4. A plasma torch as claimed In any pncedng 
ctoim characterised In that the refractoiy layer 
(7) b applied ttyHame- or plasma sprayliq]. 

5. A ptasma torch as ctabned In Ctabn 1 or 
Oabn 2 characterisetf In that the refractory layer 
(7)constotsalAI|Oawhichhasbeenappltedby 
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fig. 1 
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Fig. 2 



